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CPU Datapath



What is “Datapath” for a Processor?
• Same as the datapath control split we studied for GCD 

processor. 

• Datapath processes the data 

• Controller tells how to process the data 

• But here it’s for processing the instructions in an ISA 

• A datapath that can process all the instructions in an 

ISA
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Datapath Elements
• We shall begin with the simplest case 

• Every instruction finishes in one clock cycle 

• The clock frequency is determined by the instruction 

finishes last 

• Remember, again how we constructed the GCD datapath 

• Let’s first identity what are the components needed
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32
rd1

RegFile

32rd2

Write Enable (a.k.a. register write)
32

wd

5 rs1
5 rs2
5 ws

rs1 and rs2: Read register 1 and 2

ws: Write register
wd: Write data

Datapath Elements: Register File
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Datapath Elements: The ALU

32

ALU

32

32

op • All arithmetic and logical operation happens here 

• Operation selection 

• E.g., 

• Op = 0: Y = A+B 

• OP = 1: Y = A- B 

• OP = 2; Y = A*B
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Datapath Elements: Program Counter

• Remember PC register?? 

• It always points to the next instruction to be executed… 

• But where is the next instruction???
3232

PC
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Datapath Elements: Instruction Memory

32

Addr.

Instruction

32

Instr.
Mem

Remember: No writes to 
instruction memory 

Not concerned about how 
programs are loaded into this 
memory.
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Datapath Elements: Data Memory

32

Addr.

data

32

Data
Mem

data

32

Memory Read/Write Why data and instruction memory and not one memory?  
• Recall Harvard vs. Von Neuman 
• Not so simple matter, will discuss later. 
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Datapath Elements: Data Memory

32

Addr.

data

32

Data
Mem

data

32

Memory Read/Write Why data and instruction memory and not one memory?  
• Recall Harvard vs. Von Neuman 
• Not so simple matter, will discuss later. 
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Datapath Elements: Buses

• Same as your public transport 

• Transfer data and instructions 

• Separate buses for address and data 
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Datapath Elements: Buses

• Same as your public transport 

• Transfer data and instructions 

• Separate buses for address and data 

• Why??? 
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Datapath Elements: Timing Diagram

• Every clock cycle we process one 

instruction (super simple) 

• Sending the PC and getting the instruction 

from memory is called Instruction Fetch 

32

Addr

Inst.

32

Instr
Mem

Fetching straight-line MIPS instructions requires a 
machine that generates this timing diagram:

CLK

Addr

Data IMem[PC + 8]IMem[PC + 4]IMem[PC]

PC + 8PC + 4PC

PC == Program Counter, points to next instruction.
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Datapath Elements: Decoding Instructions
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RegFile

32
rd2

WE32
wd

5
rs1

5
rs2

5
ws

opcode rs rt rd functshamt

Decode fields to get : ADD $8 $9 $10  
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Datapath Elements: Decoding Instructions
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RegFile
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rd2

WE32
wd

5
rs1
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rs2

5
ws

opcode rs rt rd functshamt

Decode fields to get : ADD $8 $9 $10  
Logic
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Datapath Elements: Executing Instructions
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rd1

RegFile

32
rd2

WE32
wd

5
rs1

5
rs2

5
ws

32AL
U

32

32

op

opcode rs rt rd functshamt

Decode fields to get : ADD $8 $9 $10  
Logic

Remember the opcode field 
is the input to the control unit



18

Datapath Elements: Executing Instructions
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rd1

RegFile

32
rd2

WE32
wd

5
rs1

5
rs2

5
ws

32AL
U

32

32

op

opcode rs rt rd functshamt

Decode fields to get : ADD $8 $9 $10  
Logic

Remember the opcode field 
is the input to the control unit
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Datapath For Instruction Fetch

32
Addr Data

Instr
Mem

32
D

PC

Q

To rs1, 
rs2, op 
decode 

logic ...
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Datapath For Instruction Fetch

32
Addr Data

Instr
Mem

32
D

PC

Q
32

32

+

32

32
0x4

To rs1, 
rs2, op 
decode 

logic ...



Computer Architecture

What about I format?

21

Sign Extension



Computer Architecture

Loads from Memory
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RegFile
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wd
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ws

Syntax: LW $1, 32($2)  Action: $1 = M[$2 + 32]



Computer Architecture

Loads from Memory
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Syntax: LW $1, 32($2)  Action: $1 = M[$2 + 32]



Computer Architecture

Loads from Memory
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32
rd1

RegFile

32
rd2

WE32
wd

5
rs1

5
rs2

5
ws

ExtRegDest

ALUsrcExtOp

ALUctr

MemToReg
MemWr

Syntax: LW $1, 32($2)  Action: $1 = M[$2 + 32]

RegWr



Computer Architecture

Stores to Memory (with Load Datapath)
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32
rd1

RegFile

32
rd2

WE32
wd

5
rs1

5
rs2

5
ws

ExtRegDest

ALUsrcExtOp

ALUctr

MemToReg
MemWr

Syntax: SW $1, 32($2)  Action: M[$2 + 32] = $1 

RegWr

MemRd



Computer Architecture

Branch Instructions
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Syntax: BEQ $1, $2, 12 
Action: If ($1 != $2), PC = PC + 4  
Action: If ($1 == $2), PC = PC + 4 + 48

Clk

32

Instr  
Mem 

Addr	 Data
32

D

PC

Q

32
32

+

32

32

0x4

PCSrc

32

+
32

Ex  
te  
nd



Branch Instructions
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Syntax: BEQ $1, $2, 12 
Action: If ($1 != $2), PC = PC + 4  
Action: If ($1 == $2), PC = PC + 4 + 48

I
n


